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¢ Department of Earth and Space Sciences, University of Washington, Seattle 98195,
USA

Impulsive stimulated light scattering has been used to measure interfacial wave propagation speeds
and elastic constants under conditions of high pressure. Data obtained from single-crystal Ge and Fe,
and from polycrystalline Ta is presented. The method is complementary to other techniques for
obtaining this type of information. There appears no fundamental reason why it cannot be extended to
the | Mbar regime.

Impulsive stimulated light scattering (ISLS) is the name given to one of several
experimental techniques in which light is used to both produce and investigate the
behaviour of dynamic material gratings. Depending on the time scale of the experiment and
the dominant interaction, the excited gratings may be acoustical or thermal in nature,
(amongst other types), or combinations thereof. To obtain the data reported here the
gratings were obtained by combining in the sample two laser pulses at a known angle of
convergence. The diffracted intensity as a function of time after this event, of a frequency-
doubled probe pulse was then recorded. The pulses used to generate and investigate the
gratings were of a duration of ~ 100 ps , and had the frequencies of the first and second
Nd:YAG harmonics, respectively. In general, other combinations of frequencies and pulse
widths may be used, depending on the application. See for example, Crimmins et al [1],
and references therein.

A recorded time series is presented in Figure 1. A strongly modulated signal, made up
of several frequencies, is evident. The modulation is due to interference between acoustic
waves, and between the waves and a static thermal grating. The presence of the acoustic
waves is a result of the combination of the elasticity of the medium, and a spatially periodic
variation in density, which is in turn created by thermal expansion due to absorption of the
incident exciting light.

ISLS has been used several times to measure elastic constants and thermal transport
properties of various materials under conditions of high pressure in the diamond anvil cell
[2]. The technique is appropriate to the high-pressure regime since it does not require
mechanical contact with the sample and may also be applied to specimens of near-
microscopic dimensions. Furthermore, the apparatus of ISLS is "bench-top" sized and
relatively inexpensive. It shares these advantages with Brillouin scattering, for example, but
is also inherently more precise than the latter technique. When applied to opaque materials,
ISLS has a further advantage over Brillouin scattering, which is that the signal strength is
large, and spectra may be acquired in minutes or seconds. By comparison, a Brillouin
spectrum may take hours to collect [3].
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The high-pressure data presented here was all obtained using the ISLS system of the
University of Washington. However, a new system has recently been completed at LLNL,
which, while conceptually identical, offers some practical advantages. These advantages
may be traced to the more powerful laser used in the newer system. This device eliminates
the need for Pockels cells to select the required pulses from a mode-locked Q-switched
envelope. Instead, the regenerative amplifier device used in the LLNL system (a Time-
Bandwidth Jaguar) emits a single near-IR pulse that is sufficiently energetic to be split into
two before being recombined in the sample. The geometrical arrangement used guarantees
temporal coincidence. Shortly after the near-IR pulse (~ 6 ns) the laser also emits a green
pulse from a separate aperture. Overall, the system requires shorter beam paths and fewer
optics, both of which lead to long-term stability. The newer laser also has a high repetition
rate, which is a little under 4 kHz. The result is that shot-to-shot averaging time is
significantly reduced. It is noted that the pulse width of the laser may easily be adjusted by
inserting the appropriate etalon. The LLNL system has the option of 50, 100, or 200 ps
pulse widths.

In the context of the anvil cell, it is more difficult to apply ISLS or Brillouin scattering
to opaque materials than to transparent materials. The former application is necessarily
complicated by the fact that it involves a material interface, formed by the opaque sample
in contact with a contiguous material, which is typically the pressure medium. The acoustic
behaviour of this interface is dependent on the elastic properties of both components. To
model the behaviour the computational procedure developed by Every et al/ [4] has been
employed, which evaluates the appropriate component of the relevant elastodynamic
Green's function. The procedure is general and may be applied to any combination of
crystal symmetry and orientation, as well as to more complicated situations, such as the
three-component system studied by Crowhurst et a/ [3].

Examples of high pressure ISLS data obtained from opaque samples are presented in Figs
2-4

The aim of ongoing research is to extend [SLS measurements on metals to pressures of
up to 1 Mbar, with emphasis on iron, as well as on metals of programmatic interest to
LLNL.
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FIGURE CAPTIONS:

FIGURE 1 Time series obtained at LLNL for propagation on (100) Ge along the [001]
direction, (a), and (b), the corresponding frequencies. The two intense peaks located at
approx. 1 and 2 GHz correspond to the Rayleigh wave moving with respect to the static
thermal background, and two Rayleigh waves counter-propagating, respectively. The inset
shows peaks of smaller intensity. The peak located at approx. 1.7 GHz has the directional
dependence of the quasilongitudinal wave of Ge. Some of the other peaks in the spectrum
are due to this wave propagating in the same, and in the opposite direction, to the Rayleigh
wave.

FIGURE 2 Dependence on direction of propagation of the velocities of the surface waves
of (100) Ge (a) in air at atmospheric pressure, and, (b) - (d), in methanol at the indicated
applied pressures. At ambient pressure the measured velocities are those of the Rayleigh
wave and pseudo-surface acoustic wave. The solid and dashed lines represent the results of
the one-component Green's function calculation of the velocities of the RW and pSAW,
respectively. In contact with methanol, the measured mode is a Scholte wave; the lines
represent the results of the two-component calculation. As evidenced by the growing
anisotropy, the dependence on the acoustic parameters of the solid increases with
increasing pressure. At 2.2 GPa the pseudo-surface and Rayleigh type waves are
sufficiently separated in velocity to be resolvable as distinct branches.

This is a reproduction of Fig. 2 of Crowhurst et al [5].

FIGURE 3 Dependence on direction of propagation of the velocities of the surface waves
of (100) Fe in an Ar pressure medium at 8 GPa. The dashed lines are the calculated
velocities made on the basis of elastic constants extrapolated from literature values of low-
pressure pressure derivatives. The best fit to the data was obtained with ~ 5% reduction in
the Fe c44 value. '

FIGURE 4 Elastic constants of polycrystalline Ta measured to a pressure 30 GPa in an Ar
medium. The dashed lines represent the extrapolation of literature values [6]. The pressure
reached in the latter work is indicated by the vertical line. To obtain both elastic constants
literature values of the bulk modulus of Ta [7] were used when performing the Green's
function calculation.
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